Abstract: Binary or dichotomous thinking may lead to aggression throughout people's lifespan; additionally, relationships are likely to be affected by types of aggression (i.e. physical aggression, verbal aggression, anger, and hostility) as well as gender and age. Using large-scale data (N = 2,315), the current study tested if age or gender moderated dichotomous thinking's correlation with four different types of aggression. Participants (M age = 36.1, SD = 16.2, range = 18-69) completed the Dichotomous Thinking Inventory and the Buss-Perry Aggression Questionnaire. Dichotomous thinking differentially affected aggression depending on participants' age: dichotomous thinking and aggression were more strongly correlated in younger participants. Individuals' tendency to think dichotomously appeared relatively stable; however, age appeared to moderate dichotomous thinking's effects.
PUBLIC INTEREST STATEMENT
Dichotomous or binary thoughts (i.e. "black or white," "good or bad," "positive or negative," and "all or nothing") is one of the fundamental thinking styles of human beings. The benefit of this thinking style is linked to a quick decision-making. However, it also connects to negative psychological traits such as aggression, cognitive biases, and personality disorders. This study analyzed the moderation effects of age and gender on the relationships between binary thinking and aggression in a large sample with a wide age range. Age and gender each independently moderated the correlations between several types of binary thinking and aggression; additionally, age and gender interactively moderated such correlations. The results suggest that younger people who think dichotomously tend to feel anger and hostility more than older people.
Dichotomous or binary thinking is understudied but likely to affect all of the processes proposed by SCIP; it is the propensity to think in terms of binary oppositions (i.e. "black or white," "good or bad," "positive or negative," "all or nothing"; Oshio, 2009) . Dichotomous thinking facilitates quick decision-making and categorization of information, and people commonly think in dichotomous terms; however, dichotomous thinking may promote detrimental outcomes including adjustment problems (Campbell, Spieker, Burchinal, Poe , & The NICHD early child care research network, 2006) and suicide attempts (Neuringer, 1961) , and may be a cognitive problem in people with borderline personality disorder (Napolitano & McKey, 2007) . Additionally, dichotomous thinking is associated with a wide range of personality disorders (Oshio, 2012) , and particularly with Cluster B (including antisocial, borderline, histrionic, and narcissistic personality disorders; Oshio, 2009 Oshio, , 2012 . Cluster B personality disorders include problems with emotional regulation and impulse control, and are linked to aggression, anger, and depression (American Psychiatric Association, 2013) . Dichotomous thinking's relationship with such problems may reflect a tendency to promote cognitive distortions and dysfunctional beliefs; accordingly, cognitive therapy aims to help dichotomous-thinking patients resolve such distortions and beliefs (Beck, Freeman, & Davis, 2004 ).
There are a few possibilities of the linkage between dichotomous thinking and aggression. First, dichotomous thinking may lead to extreme emotional reactions when activated, impeding emotional regulation processes and leading to problematic behavior such as aggression (Gross, 2002) . Second, personality develops and constructs person's knowledge structures that influence an evaluation of the meaning of the negative affect and the aversive situations (Anderson & Huesmann, 2003) . And dichotomous thinking is closely associated with the specific personality traits that link to aggression; Cluster B personality disorders (Oshio, 2009 (Oshio, , 2012 , psychological entitlement , and Dark Triad (Oshio, Shimotsukasa, & Mieda, 2016) . Third, dichotomous information-processing may lead to an impulsive and thoughtless emotion such as anger. These possibilities imply that dichotomous thinking has an effect on not only aggressive behavior but personality and cognitive aspects of aggression. However, there has been a lack of evidence of the relationships between dichotomous thinking and aggression.
Age and gender may critically moderate the relationship between dichotomous thinking and aggression. Age and gender each directly affect aggression; additionally, their effects interact (Campano & Munakata, 2004; Lee, Baillargeon, Vermunt, Wu, & Tremblay, 2007; Scheithauer, Haag, Mahlke, & Lttel, 2008) . Further, the moderation of aggression by age and gender varies depending on aggression type (Tapper & Boulton, 2000; Toldos, 2005; Tsorbatzoudis, Travlos, & Rodafinos, 2013 ). Studies reporting mean-level age change of big five personality traits (Kawamoto et al., 2015; Soto, John, Gosling, & Potter, 2011; Srivastava, John, Gosling, & Potter, 2003) suggested that agreeableness, which represents low aggression, ascends with age in adulthood. Impulsivity and sensation-seeking, which also closely link to aggression, have been suggested to descend with age from adolescence to adults (Steinberg et al., 2008) . These findings suggest that older people would be less aggressive than younger people, and the reason behind this is that the cognitive process of aggression may change throughout the adult development.
The Buss Perry Aggression Questionnaire (BAQ) measures four types of aggression using the following subscales: physical aggression, verbal aggression, anger, and hostility (Buss & Perry, 1992) . Physical and verbal aggression involve harming or hurting others; this represents the instrumental and behavioral aspects of aggression. Anger involves physiological arousal and preparation for aggression; this represents emotional or affective aspects of aggression. Hostility involves feelings of ill will and injustice; this represents cognitive aspect of aggression. The BAQ is among the most widely used scales that measure trait aggression; extensive research has examined the relationships between scores on the BAQ's subscales and a range of variables, such as aggressive acts (Archer & Webb, 2006) , bullying (Palmer & Thakordas, 2005) , personality traits, and alcohol consumption (Tremblay & Ewart, 2005) . Nonetheless, little research has examined the BAQ subscales' relationship with dichotomous thinking. Similarly, although several studies have examined age and gender differences in aggression, most have examined a limited age range (e.g. children or adolescents; Lee et al., 2007; Tapper & Boulton, 2000; Toldos, 2005) . Aggression remains prevalent in adulthood (Marsland, Prather, Petersen, Cohen, & Manuck, 2008; Murray-Close, Ostrov, Nelson, Crick, & Coccaro, 2010) ; therefore, research examining a broader age is required.
In this context, the present study examined the moderation effects of age and gender on the relationships between dichotomous thinking and aggression in a sample with a wide range of age. We hypothesized that there are positive relationships between dichotomous thinking and aggression, and these relationships are moderated by age and gender.
Method

Participants and procedure
In total, 2,315 Japanese people participated (1,128 females and 1,187 males); their average age was 36.1 years (SD = 16.2; range: 18-69). Age groups were as follows: 18-19 years (n = 474; 208 females), 20-29 years (n = 628; 314 females), 30-39 years (n = 304; 152 females), 40-49 (n = 304; 152 females), 50-59 (n = 303; 152 females), and 60-69 (n = 302; 151 females). Participants were recruited from approximately 1.7 million members of comprehensive internet survey panels through Cross Marketing, Inc. (a major Japanese internet survey company), and received a small monetary compensation. We provided the participants with a privacy policy; participants agreed that their answers would be used in anonymous analysis. Cross Marketing provided the participants' data-set.
Measures
Dichotomous thinking
The dichotomous thinking inventory (DTI; Oshio, 2009 ) was used to measure participants' tendency to think dichotomously. The DTI consists of 15 items contained in three subscales. The DTI's subscales measure the following factors: Preference for Dichotomy (e.g. "all things work out better when likes and dislikes are clear"), Dichotomous Belief (e.g. "There are only 'winners' and 'losers' in this world"), and Profit-and-Loss Thinking (e.g. "I want to clearly distinguish what is safe and what is dangerous"). Responses used a 6-point Likert scale (1 = strongly disagree, 6 = strongly agree). In the present study, values of Cronbach's α ranged from 0.76 (Preference for Dichotomy) to 0.89 (Total DTI score); this indicated good internal consistency.
Aggression
The Buss-Perry Aggression Questionnaire (BAQ; Buss & Perry, 1992 ; translated by Ando et al., 1999) , one of the most widely used scales that measure trait aggression, was used to measure the following types of aggression: physical aggression (e.g. "If someone hits me, I hit back"), verbal aggression (e.g. "I tell my friends openly when I disagree with them"), anger (e.g. "Sometimes I fly off the handle for no good reason"), and hostility (e.g. "I sometimes feel that people are laughing at me behind my back"). Responses used a 6-point Likert scale (1 = strongly disagree, 6 = strongly agree). This measure's internal consistency and test-retest stability have been supported (Ando et al., 1999) . In the present study, values of Cronbach's α ranged from 0.78 (verbal aggression) to 0.85 (total scale score).
Results
Correlations among variables
Correlation analysis was conducted to test the hypothesized relationship between DTI scores and BAQ scores. Significant correlations were found, ranging from r = 0.17 (dichotomous belief and verbal aggression) to 0.48 (DTI total score and BAQ total score), indicating that dichotomous thinking and aggression are positively associated (Table 1) . Males' mean scores were higher than females' regarding total BAQ score, physical aggression, verbal aggression, and hostility (ts (2,313) = 3.15, 3.81, 2.83, and 2.82, respectively, ps < 0.01, respectively); however, these differences were of small magnitude (Cohen's d = 0.13, 0.16, 0.12, and 0.12, respectively; Cohen, 1977) . 
Age and gender moderate dichotomous thinking's effect on BAQ score
Two-step analyses tested if age or gender moderated dichotomous thinking's effect on aggression. First, a hierarchical multiple regression analysis predicting total BAQ score was conducted with three predictors (age, gender, and DTI total score). Second, a series of hierarchical multiple regression analyses was conducted to predict scores in each of the four BAQ subscales using five predictors (age, gender, and the three DTI subscales). The continuous predictor variables were centered and a categorical predictor variable was dummy coded (1 = male, 0 = female).
First, age, gender, and total DTI score were entered in Model 1. Subsequently, three first-order interactions were simultaneously entered in Model 2, and a second-order interaction was entered in Model 3. Three first-order interactions were significant (∆R 2 = 0.02, p < 0.001), but the second-order interaction was not (∆R 2 = 0.00, n.s.; Table 2 ). The final model supported the hypothesis that age and gender interactively moderated DTI score's ability to predict total BAQ score (β = 0.11, p < 0.001; Figure 1 ). Simple slope analysis indicated that age was negatively associated with BAQ score among only female participants (β = −0.21, p < 0.001), whereas no such association was observed among males (β = 0.01, n.s.). Additionally, age moderated DTI's ability to predict of total BAQ score (β = −0.05, p < 0.01; Figure 2 ). Simple slope tests indicated that DTI score was more closely associated with BAQ score among younger participants (mean age − 1SD; β = 0.51, p < 0.001) than among older participants (mean age + 1SD; β = 0.40; p < 0.001).
Second, a series of hierarchical multiple regression analyses was conducted to predict scores on each BAQ subscale with five predictors (gender, age, and score on the three DTI subscales), based on age's significant moderation of DTI's ability to predict total BAQ score. This analysis examined the moderating effect of age and each dimension of dichotomous thinking on each aspect of aggression. Age, gender, and mean DTI subscale score were entered in Model 1 (Table 3) . Age and gender were entered as interacting predictor variables in Model 2; age and each mean DTI subscale score were entered as interacting predictor variables in Model 3.
A hierarchical multiple regression predicting Physical Aggression found that only the interaction between age and gender was significant (β = 0.14, p < 0.001; Figure 3 ). Simple slope tests indicated that age was negatively associated with Physical Aggression among females (β = −0.20, p < 0.001) but positively associated among males (β = 0.19, p < 0.001).
A hierarchical multiple regression predicting Verbal Aggression found a significant interaction between age and gender (β = 0.08, p < 0.001; Figure 4 ), indicating that age was negatively associated with Verbal Aggression among females (β = −0.06, p < 0.05) and positively associated with Verbal Aggression among males (β = 0.11, p < 0.001). The interaction between age and Dichotomous Belief was marginally significant (β = −0.04, p = 0.07; Figure 5 ), indicating a significant negative association between Dichotomous Belief and Verbal Aggression among only older participants (β = −0.11, p < 0.01).
A hierarchical multiple regression analysis predicting Anger found a significant interaction between age and Dichotomous Belief (β = −0.07, p < 0.001; Figure 6 ), indicating that Dichotomous Belief and Anger were more strongly correlated among younger participants (β = 0.25, p < 0.001) than among older participants (β = 0.11, p < 0.01). A significant interaction between age and gender on Aggression was also found (β = 0.04, p < 0.05); However, there were no significant simple slopes in the subsequent analysis.
A hierarchical multiple regression analysis predicting Hostility identified significant interactions between age and gender, and between age and Profit-and-loss Thinking (βs = 0.04 and −0.06, ps < 0.05; Figures 7 and 8, respectively) . Simple slope tests indicated that age was more negatively associated with Hostility among females (β = −0.25, p < 0.001) than among males (β = −0.16, p < 0.001), and that Profit-and-loss Thinking was more positively associated with Hostility among younger people (β = 0.22, p < 0.001) than older people (β = 0.10, p < 0.05). 
Correlations between DTI and BAQ scores in each age group
To further clarify age-mediated differences in the relationship between DTI and BAQ scores, correlation coefficients were calculated for each age group (Table 4) . Stronger positive correlations were observed between dichotomous thinking and aggression among younger people than among older people.
Discussion
The current study is among the first to examine the relationship between dichotomous thinking and aggression while considering the effects of age and gender. Dichotomous or binary thinking has benefits (e.g. clear and definite decisions, outcomes, and conclusions, Oshio, 2009); however, it can also lead to negative psychological outcomes, including aggression. This study primarily examined the relationships between dichotomous thinking and behavioral, emotional, and cognitive elements of aggression. As hypothesized, the results indicated that these variables were positively correlated; however, the size of this correlation varied depending on the type of dichotomous thoughts under examination. For example, Preference for Dichotomy was positively correlated with all kinds of aggression; however, this variables' correlation was stronger with Verbal Aggression than Physical Aggression, suggesting that personal preference (e.g. "I dislike ambiguous attitudes") is more likely to lead to the verbal aggression such as rejection or intimidation. In contrast, Dichotomous Belief was more strongly correlated with Physical Aggression than with Verbal Aggression. Physical Aggression has overt and impulsive features; its suppression requires emotional regulation (Sullivan, Helms, Kliewer, & Goodman, 2010) . Dichotomous Belief may impede emotional regulation, indirectly promoting Physical Aggression. These results may thus reflect distinctions between the roles of preferences and beliefs, suggesting that beliefs may be more likely to underlie physical aggression than preferences. Finally, Profit-and-loss Thinking was equally correlated with all forms of aggression, suggesting that all forms of aggression are equally associated with a desire to promote personal benefit.
This study also examined age and gender's relationship with aggression. Overall aggression appeared to decrease in females with advancing age, but not in males; additionally, dichotomous thinking appeared more closely correlated with aggression in younger people than in older people. Consideration of context has been suggested as useful to fully understanding physical aggression among adults (Graham, Wells, & Jelley, 2002) ; similarly, situational factors such as interpretation of environmental cues may more strongly affect aggression in older people than binary thinking. Note: Error bars reflect 95% confidence intervals. Nonetheless, this relationship was also expected to vary depending on the type of aggression; therefore, the present study also examined several aspects of aggression's relationship with age, gender, and dichotomous thinking.
Among female participants, physical aggression decreased with advancing age, but increased in males. Earlier research, although mostly limited to childhood and adolescence, has also observed that physical aggression decreases with increasing age among women but not men (Lee et al., 2007; Underwood, Beron, & Rosen, 2009 ). In contrast, verbal aggression increased with age in females but Note: Error bars reflect 95% confidence intervals.
Note: Error bars reflect 95% confidence intervals.
decreased with age in males, supporting Gerevich, Bácskai, and Czobor (2007) . Hostility also decreased more in females than males with increasing age.
The present study found that dichotomous thinking (specifically, dichotomous belief and profitand-loss thinking) is more strongly correlated with aggression (specifically, hostility and anger-that is, cognitive and affective elements of aggression), in younger people than older people. Dichotomous beliefs are more associated with negative aspects of perfectionism and undervaluation of others than other elements of dichotomous thinking are (Oshio, 2009) . Interestingly, the magnitude of relationships between dichotomous thinking and anger and hostility decreased with age, whereas the relationships between dichotomous thinking and more direct aggressive behaviors (physical and verbal aggression) tend to be stable over age. The results suggest that the affective and cognitive process of aggression may change systematically with personality and cognitive development through adulthood. Caspi, Roberts, and Shiner (2005) pointed out that psychological maturity increases with age from adolescence to middle age, called the maturity principle. The maturity consists of humanistic and functional definition. The humanistic definition is equivalent to maturity with self-actualization and personal growth, and the functional definition is equal to maturity with the process of becoming more planful, deliberate, and decisive (Caspi et al., 2005) . The results in the present study imply the functional maturity regarding aggression. Future research should examine socio-cultural and individual factors that may foster such beliefs. All three examined aspects of dichotomous thinking appeared to decrease with age; however, the effect size was small, suggesting that the individual tendency to take binary perspectives is fairly stable. Nonetheless, it is important to identify factors that can reduce dichotomous thinking because dichotomous thinking may lead to aggression.
This study has the following limitations. A cross sectional design was used, preventing the present results supporting causal inferences (Martino, Ellickson, Klein, McCaffrey, & Edelen, 2008) . Additionally, data were collected from a Japanese sample; therefore, the present results may not be generalized to other populations. Nonetheless, although countries' mean aggression levels may differ, broad inter-country similarities have been reported, especially regarding gender and physical aggression (Lansford et al., 2012) . Finally, data were collected via self-report; which may elicit a social desirability bias if aggression or dichotomous thinking were perceived as undesirable, leading participants to under-report these variables and potentially obscuring significant relationships between them and the other variables examined in this study. The reported relationships may thus be somewhat stronger than was measured in the present study. Also, because the self-reported data were analyzed, future studies can use the observational methodologies to investigate how dichotomous thinking styles may affect aggression in an overt behavioral level. 
